Introduction

!
Malignant head and neck tumors account for approximately 3 % of all malignancies [1] . Over 85 % of head and neck tumors are squamous cell carcinomas (SCC). They are strongly related to tobacco and alcohol abuse, more common in the male population, and mostly located on the mucosal surface. Tumor extent is usually evaluated with cross-sectional imaging. Texture analysis is a computer-assisted technique that is condutive to the detection and quantification of mathematical patterns called texture features. Those texture features exist in the graylevel distribution of pixels of digital images, which the human eye can only recognize to a limited degree and is unable to quantify. With texture-based analysis, it is possible to distinguish between different types of tissues, and also between healthy and pathologically altered tissues. Texture features derived from the gray-level histogram, the co-occurrence matrix (COC; information about the gray-level value distribution of pairs of pixels, separated by a defined distance, in a given direction), the run-length matrix (RUN; information about runs of pixels with the same gray-level values, in a given direction), the absolute gradient (GRA; information about sudden signal intensity changes in the gray-level values), the auto-regressive model (ARM; description of texture based on the statistical correlation between neighboring pixels), and the wavelet transform (WAV; information about the frequency content of an image within different scales of that image) are used for tissue differentiation [2 -5] . Texture analysis of MR images is of particular interest, because this imaging modality offers excellent depiction of anatomic details, high soft-tissue contrast, and allows enhancement of different types of tissues through the use of different pulse sequences, even without the application of contrast media [6, 7] . The aim of the study was to determine whether texture analysis of native, non-contrast-enhanced T1-and T2-weighted MR images or contrast-enhanced T1-weighted images, obtained in routine clinical practice, can provide sufficiently low rates of misclassification (high rates of correctly classified data vectors) of benign and malignant head and neck lesions.
Materials and Methods
!
This retrospective study included patients from two institutions who underwent a routine MR examination, and who subsequently had surgery or biopsy for pathologic correlation. The study was approved by both institutional review boards. A search for patients was performed using a full-text search in the radiology information system between January 2008 and August 2011. The single criterion for inclusion in our study was the presence of one head and neck mass, proven through fine-needle aspiration, biopsy, or operation. Exclusion criteria were the presence of motion artifacts, or a maximal lesion diameter < 5 mm. This 5 mm cut-off value was chosen to minimize the influence of partial volume effects, which might distort the true tissue-specific image texture. Based on the above-defined criteria, 100 patients (50 per institution; 55 male, 45 female) with a mean age of 50.9 years (ranging from 12 to 83 years) were included. The MR examinations were performed on different MR scanners; 1.5 T GE (General Electric) and Siemens scanners and a 3 T GE scanner at site A, and a 1.5 T and 3 T Siemens scanner and a 3 T Philips scanner at site B. The standard examination protocols also varied somewhat. At site A, the standard protocol was: axial T1 TSE (turbo spin echo); T2 TSE fs (fat saturation) and coronal T1; and axial and coronal T1 TSE with fat saturation after gadolinium administration. The standard protocol of site B was: axial and coronal STIR (short tau inversion recovery) or T2-TIRM; axial T1-TSE before and after contrast administration; and coronal T1-TSE fs after contrast administration (sequence parameters are listed in • " Table 1) . We decided to evaluate only the axial sequences (T1-TSE, STIR, T2-TSE fs, contrast-enhanced T1-TSE, and T1-TSE  fs) . Due to the retrospective character of the study, some sequences were not available in some patients. In total, we evaluated the following sequences: 97 T1-TSE, 22 T2-TSE, 46 T2-TSE fs, 31 STIR, 48 contrast-enhanced (ce) T1-TSE, and 43 with fat saturation. Texture analysis was performed independently for all axial sequences (STIR, T2-TSE fs, T1-TSE before and after i. v. contrast administration (with fat saturation)). First, for the 2 D texture analysis, a manually drawn region-of-interest (ROI) was defined independently for each lesion and MRI sequence, covering the 2. Es ist möglich benigne und maligne Raumforderungen anhand von Texturparametern zu unterschieden. 3. Die MRT Untersuchung sollte mit gleichem Protokoll auf einem Gerät stattfinden. Table 2 ). First, we wanted to investigate whether field strength influenced the performance of texture analysis on 1.5 T versus 3 T. In order to analyze this influence, we chose to evaluate and compare the texture features within our largest homogeneous group, the squamous cell carcinomas. With this group, we also analyzed whether there were differences when performing texture analysis on the MR images from different vendors (GE, Siemens, Philips). We then tested our primary hypothesis regarding whether we could find texture features that would distinguish between benign and malignant head and neck tumors. To identify the most valuable texture features for distinguishing between benign and malignant lesions, three subsets of 10 texture features were extracted, independently for T1-weighted, T2-TSE (±fs), STIR, and contrast-enhanced T1-weighted images (±fs), based on Fisher coefficients (ratio of between-class to within-class variance), minimization of both classification error probability and average correlation coefficients (POE+ACC), and mutual information (MI) coefficients, which measure the dependence between two or more random variable coefficients [2, 9] . This extraction was performed with the program, B11, which is integrated in the MaZda software. For computer-assisted differentiation between benign and malignant head and neck tumors, based on the previously calculated texture feature subsets (Fisher, POE+ACC, and MI), we used linear discriminant analysis (LDA) in combination with k-nearestneighbor classification (k-NN). K-NN calculates the rate of misclassified data vectors by comparison with the previously defined true class affiliations. The k-NN classifier implemented in the MaZda software uses the leave-one-out testing technique for this task. Thus, no separation of datasets into a training and test dataset is required. The rates of correctly classified data vectors were used as the primary outcome variables. This strategy of texture-based lesion classification has been used in previously published papers [3 -5, 10].
Results
!
Of the 100 patients in our study with a head and neck mass, 54 patients (33 male, 21 female) were diagnosed with a malignant mass and 46 patients with a benign mass (24 female, 22 male). The largest histologically homogeneous group was the patients 
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diagnosed with (SCC) squamous cell carcinoma (n = 31; 21 male, 10 female; • " Table 4 ). For the discrimination of SCC, mutual information coefficients proved to be the most effective method. We also found textural differences between the three different vendors (GE, Siemens, and Philips) for the 2 D ROIs on the 
Discrimination of benign and malignant tumors
For the discrimination of benign and malignant lesions, STIR and T2-weighted images contained the most relevant texture features for 2 D evaluation. For 3 D texture-based analysis, only contrastenhanced, T1-weighted images with fat saturation had a low misclassification rate.
• " Table 5 shows the results for the LDA of the comparison between benign and malignant tumors. 
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This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited. We then decided to analyze the 2 D ROI of benign and malignant tumors at 1.5 and 3. To our knowledge, texture-based analysis has not been applied for the analysis of different tissue types (different kinds of head and neck masses) in a multicenter study. In the present study, routine MR images were obtained on several MR units, with similar imaging protocols (plane, and the use of fat saturation), but with each center using its own acquisition parameters. This was done to determine the clinical value of this technique and to analyze which texture feature subset and extraction method would perform best under given conditions. Therefore, we also tried to acquire a large collective of 100 patients. Our clinical data resemble the phantom data from the abovementioned study by Lerski et al. because the texture features extracted from SCC clearly differed between examinations performed at different field strengths, and also between images obtained from scanners by different vendors [16] . For instance, our classifier was able to differentiate between the SCC at 1.5 and the SCC at 3 Tesla in almost 90 % of the cases, based on texture features extracted from T2 TSE fs images. It is quite possible that the strong influence of acquisition parameters affected the texture-based discrimination of benign and malignant head and neck tumors in our study. When performing the analysis with the data of one scanner (benign vs. malignant lesions on one 3 T unit), we were able to increase the correctly classified data vectors by 3 % for axial STIR images. Our results were generally less favorable than those reported by Fruehwald-Pallamar et al.
[5] in a single-center study using 2 D texture features. Notably, our results indicate that 3 D texture features are not superior to a 2 D evaluation of a single slice for head and neck masses-this topic has not been evaluated thus far in a clinical setting. For a possible future introduction into routine clinical practice, and also for clinical trials involving texture analysis, we recommend that only data from a single scanner are used, in order to avoid an incalculable influence from hardware specifications. Furthermore, 2 D evaluation is less time-consuming, and therefore, more practical, while providing results comparable to 3 D evaluation, where every slice of the tumor has to be processed. We note the limitations of our study: There were minor acquisition parameter differences, even between comparable pulse sequences obtained by the different scanners, as mentioned above.
In conclusion, texture-based analysis has the potential to help with the discrimination of benign and malignant head and neck tumors when performed on the same scanner with an identical protocol. We cannot recommend the application of texturebased analysis in a multicenter study with different types of scanners and varying acquisition parameters.
Clinical relevance
Since morphological sequences alone often do not allow a correct diagnosis of different types of tumors in the head-neckregion, it is of great help for radiologists to have additional information to generate the correct diagnosis. Texture-based analysis is a tool, which has the potential to help with the discrimination between benign and malignant head and neck tumors, provided that the examinations take place on one specific machine with a defined protocol.
